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The ultrastructural location of in vivo bound immunoglobulins in a case of bullous 
pemphigoid was determined by coupling peroxidase to antihuman gamma globulin. 
Immunoglobulin deposits were found exclusively in the space between the basal cells and the 
basal lamina. The location of the immunoglobulin in bullous pemphigoid thus differs from 
that in lupus erythematosus where immunoglobulins are found mainly below the basal 
lamina. 
Direct immunofluorescent testing has shown 
that in vivo bound immunoglobulins are located 
subepidermally in both lupus erythematosus and 
bullous pemphigoid. On electron microscopic ex-
amination the immunoglobulins in lupus ery-
thematosus have been found below the basal 
lamina of the dermoepidermal junction (I] or 
above as well as below the basal lamina (2)- The 
present study was carried out in order to determine 
the ultrastructural localization of the immunoglob-
ulins in bullous pemphigoid since no report on this 
subject was found in the literature_ 
MATERIALS AND METHODS 
Case history. A 52-year-old man was seen with a 
pruritic bullous eruption present for 4 weeks. Examina-
tion revealed innumerable tense bullae on the patient's 
chest, back, arms, legs, axillae, and groins. The bullae 
varied between 1.0 and 2.5 cm in diameter. Most of them 
had an erythematous base. Histologic examination 
showed a subepidermal blister. Indirect immunofluores-
cent testing carried out on the patient's serum was 
negative. Light microscopic immunoperoxidase examina-
tion revealed a linear band of immunoglobulins at the 
dermoepidermal junction. A hemogram and a platelet 
count as well as liver and kidney function tests were 
normal. Treatment was started with the oral administra-
tion of 40 mg of prednisone every other day and 20 mg of 
methotrexate once a week. Within 6 weeks the patient 
was nearly free of lesions. 
Preparation of the conjugate. For the coupling of 
peroxidase to antihuman gamma globulin the procedure 
of Avrameas t3] was used with slight modifications. One 
hundred milligrams of horseradish peroxidase (HRP, 
Sigma Chemical Company No. P 825) was dissolved in 20 
ml of 0.05 M phosphate buffer, pH 7.2, and centrifuged at 
40,000 x g at 4·C for 45 min. In addition, 40 mg of 
Manuscript received July 2, 1974; in revised form 
August 13, 1974; accepted for publication August 21, 
1974. 
This investigation was supported by Training Grants 5 
to 1 AM 05520, from the National Institutes of Health. 
Reprint requests to: Dr. G. Schaumburg-Lever, New 
England Medical Center, Boston, Massachusetts 02111. 
lyophilized horse antihuman gamma globulin {Progres-
sive Laborawries, Baltimore) was reconstituted to 2.5 ml 
according to the manufacturer's instructions and cen-
trifuged in tbe same manner. The supernatant fractions 
of the peroxidase solution and of the antihuman gamma 
globulin solution were combined, and 4.0 ml of a 0.1% 
glutaraldehyde solution were added dropwise with gentle 
stirring at room temperature. For the reaction to proceed, 
the mixture was left standing for 2 hr at room tempera-
ture and dialyzed against 5 liters of phosphate-buffered 
saline (PBS)' pH 7.2, overnight at 4·C. The perox-
idase-antihuman gamma globulin conjugate was cen-
trifuged at 40,000 )( g for 45 min to remove impurities 
and the supernatant was stored at 4 ·C. The conjugate 
was used at a concentration of 1 mg protein/ml. 
Tissue processing. Prior to therapy, a 1.5 x U.5 em 
scalpel excision was carried out adjacent to a blister after 
the subcutaneous injection of 1% lidocaine. The excised 
specimen was sectioned into small slices while immersed 
in a buffered solution of ammonium sulfate as described 
by Michel et al [4]. The slices were fixed in this solution 
for 24 hr. They were then rinsed for 24 hr in the citrate 
buffer described by Michel et al [4]. Subsequently, the 
tissue was preserved in a frozen state in a cryostat for 4 
days. Frozen sections, 32 I'm thick, were placed into PBS 
for 6 hr. The sections were then incubated in the 
conjugate overnight at room temperature. The conjugate 
was changed twice during the incubation. The .ections 
subsequently were rinsed in PBS for 24 hr and incubated 
for 20 min in 3,3-diaminobenzidine (DAB) as described 
by Graham and Karnovsky /5]. They were then rinsed for 
15 min in 0.1 M phosphate buffer, pH 7.2, postfixed for 1 
hr in 1% OsO, in phosphate buffer, rinsed again in 
phosphate buffer, stained en bloc for 1 hr in 50% ethanol 
containing 1% uranyl acetate. Subsequently, the sections 
were dehydrated and embedded in epoxy resin. Thin 
sections were cut with a Reichert OM II ultramicrotome. 
They were stained in uranyl acetate and lead citrate. 
Electron micrographs were taken with 8 JEOL 100 B 
electron microscope. 
Controls. (1) Blocking reaction: The sections were 
incubated overnight in non conjugated antihuman 
gamma globulin (l rog/m\). rinsed in PBS for 12 hr, and 
incubated overnight in the conjugate. (2) Cryostat sec-
tions were incubated in DAB without prior immuno-
chemical treatment in order to rule out a reaction from 
endogeneous peroxidase. 
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RESULTS 
Electron microscopic.examination of areas with-
out blister formation showed the presence of the 
immunoglobulin-peroxidase reaction product as 
electron-dense, coalescent, globular deposits in the 
space between the basal cells and the basal lamina 
(Fig. 1). In some areas the deposits filled the space 
between the basal cells and the basal lamina 
entirelv (Fig. 2), whereas in other areas thev were 
located either mainly on the epidermal side' of the 
basal lamina (Fig. 3) or mainly on the outer leaflet 
FIG. 1. Peroxidase-labeled immunoglobulin deposits 
are present between the plasma membrane (arrows) of 
the basal cell (BC) and the basal lamina (asterisks). C, 
collagen (x 18,000), 
FIG. 2. The immunoglohulins fill the space between 
the plasma membrane (arrows) and the basal lamina 
(asterisks) entirely (x 80,000). 
FIG .. 3. The immunoglobulins (arrows) are mainly at-
tached to the basal .lamina .(asterisks). C, collagen 
Ix &0,000). 
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of the trilaminar plasma membrane of the basal 
celis. In no area were the immunoglobulin deposits 
observed intracellularlv or on the dermal side of 
the basal lamina. In 'areas where a blister had 
started to form and the basal cell plasma mem-
brane had separated from the basal lamina, the 
immunoglobulin deposits remained attached to 
the basal lamina (Fig. 4). 
The control sections did not reveal anv electron-
dense deposits between the basal cells and the 
basal lamina (Fig. 5L 
Michel's fixative proved most valuable in this 
study because it did not destroy antigenic sites in 
contrast with glutaraldehyde or formalin. On the 
other hand, Michel's fixative did not preserve 
cellular details as well as Karnovsky's solution 
would have done. The cell membranes were poorly 
preserved except in the basal part of the basal cell 
and the mitochondria were swollen with their inner 
structure usually not detectable. The desmosomes, 
half-desmosomes, and the basal lamina, however, 
were well preserved. 
DISCUSSION 
In bullous pemphigoid, inflamed and unin-
flamed lesions are found [6). In uninflamed lesions, 
the blister forms between the basal cells and the 
basal lamina [7). The present study of an unin-
flamed lesion has shown that the immunoglobulin-
peroxidase deposits are located in the space he-
FIG. 4. The hasal lamina (asterisks) with attached 
well-delineated immunoglobulins (arrows) is found at the 
floor of the blister (x 25,(00). 
FIG. 5. Blocking reaction. There are no immunoglobu-
lins between the plasma membrane (arrows) of the basal 
eel! and the basal lamina (asterisks) (x 33,000), 
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tween the basal cells and the basal lamina. They 
are found there prior to the formation ofablister, 
suggesting that they may initiate the blister forma-
tion. 
The basal lamina beneatb the immunoglobulin 
deposits appears indistinct in some areas. This can 
be explained by the fact that in bullous pem· 
phigoid the basal lamina is usually thinned and 
often shows discontinuities [6 J; furthermore, the 
electron-dense immunoglobulin deposits in many 
areas are located on the basal lamina, thus par-
tially obscuring it. 
The in vivo bound immunoglobulins in bullous 
pemphigoid, on electron microscopic examination, 
differ from those observed in lupus erythematosus. 
In bullous pemphigoid they are localized exclu-
sh,ely in the space between the basal cells and the 
basal lamina; in lupus erythematosus they are 
found mainly attached to the dermal side of the 
basal lamina and beneath the basal lamina [1,2J. 
In addition. thev are found to a lesser extent also 
attached to th; plasma membrane of the basal 
cells [2J and to collagen fibrils [1,2J and in the 
subendothelial space of small blood vessels [1 J. 
Since the areas of blister formation in bullous 
pemphigoid show the immunoglobulins at the floor 
of the blister in contact with the basal lamina. it 
can be assumed that in bullous pemphigoid the 
antigen is bound to the basal lamina. It is sug-
gested, therefore, that the antibody in bullous 
pemphigoid be called a "basal lamina antibody:' 
REFERENCES 
L Ueki H, Wolff HH, Braun-Falco 0: Cutaneous locali-
zation of human gamma-globulins in lupus ery-
tbematosus. Arch Dermatol Forsch 248:297-314, 
1974 
2. Wolff·Scbreiner E. Wolff K: Immunoglobulins at the 
dermal-epidermal junction in lupus erythematosus: 
ultrastructural investigation. Arch Dermatol Forsch 
246:193-210, 1973 
3_ Avrameas S: Coupling of enzymes to proteins with 
glutaraldehyde. Immunochemistry 6:4S-52. 1969 
4. Michel B, Milner Y, David K: Preservation of tissue-
fixed immunoglobulins in skin biopsies of patients 
with lupus erythematosus and bullous diseases-
preliminary report. J Invest Dermato! 59:449-452, 
1972 
5. Graham RC, Karnovsky MJ: The early stages of 
absorption of injected horseradish peroxidase in the 
proximal tubules of mouse kidney: ultrastructural 
cytochemistry by a new technique. J Histochem 
Cvtochem 14:291-302, 1966 
6. Scblumburg-Le"er G. Orfanos CE, Lever WF: Elec-
tron microscopic study of bullous pemphigoid. Areh 
Dermatol 106:662-667, 1972 
7. Braun·Falco 0, Rupee M: Elektronenmikroskopische 
Untersuchungen zur Dynamik der Blasenbildung be; 
bulliisem Pemphigoid. Arch Klin Exp Dermatol 
230: 1-12. 1967 
